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ASSOCIATING A TASK COMPLETION STEP
OF A TASK WITH A RELATED TASK OF THE
SAME GROUP OF SIMILAR TASKS

BACKGROUND

A user may have interest 1n creating one or more tasks and
the user may utilize one or more applications to create the
tasks. A task may be created that includes one or more task
completion steps that may be performed to complete the task.

SUMMARY

This specification i1s directed to methods and apparatus
related to determining one or more task completion steps for
a given task. Some implementations of the specification are
generally directed to determining similarity between two or
more tasks and associating a task completion step of at least
one of the tasks to at least one similar task that has not been
associated with the task completion step. Tasks that share
similar characteristics may share common and/or similar task
completion steps. Similarity between tasks may be deter-
mined, for example, based on similarity between one or more
terms and/or entities that are associated with the tasks.

In some implementations, a method 1s provided and
includes the steps of: 1dentitying a plurality of tasks, wherein
one or more of the tasks are identified from one or more
databases; determining a task group of the tasks based on
similarity between tasks of the task group; determining an
associated task of the tasks of the task group, wherein the
associated task 1s associated with a task completion step;
identifying an unassociated task of the task group based on
the unassociated task being non-associated with the task
completion step of the associated task; associating the task
completion step of the associated task with the unassociated
task; and storing the association between the unassociated
task and the task completion step.

This method and other implementations of technology dis-
closed herein may each optionally include one or more of the
tollowing features.

Similarity between the tasks of the task group may be
determined based on a task similarity measurement between
the associated task and the other tasks of the task group.
Similarity between the tasks of the task group may be deter-
mined based on determining a template similarity measure-
ment for each of the tasks of the task group, and the template
similarity measurement for a given task may be based on
conformity between the given task and a task template. Each
of the tasks may include a task objective.

In some mmplementations, a given task objective may
include a task action and a task object. In some of those
implementations, the similarity measurement for a given task
of the tasks may be based on an action similarity measure-
ment between the task action of the given task and the task
action of one or more other tasks of the task group. The
similarity measurement for a given task of the tasks may be
based on an object similarity measurement between the task
object of the given task and the task object of one or more
other tasks of the task group. In some of those implementa-
tions, each of the task objectives of the tasks may include a
textual representation of the task objective, and the similarity
measurement for a given task of the tasks may be based on
similarity between the textual representation of the given task
and the textual representation of one or more of the other tasks
of the task group.

In some implementations, the method may further include
the steps of: identifying a second associated task of the tasks
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2

of the task group, the second associated task associated with
a second task completion step, and the second associated task
1s unique from the associated task; and determining a task
completion step similarity measurement, the task completion
step similarity measurement indicative of similarity between
the associated task completion step and the second associated
task completion step, and the similarity of the second associ-
ated task with the tasks of the task group based on the task
completion step similarity measurement. The task comple-
tion step may include a first completion action and a first
completion object, and the second task completion step may
include a second completion action and a second completion

object.
The step of determining the task completion step similarity

measurement may include determining a stmilarity between
the first completion action and the second completion action.
The step of determining the task completion step similarity
measurement may include determining a stmilarity between
the first completion object and the second completion object.

The unassociated task may be recerved from a remote
computing device. The method may further include the step
of providing the task completion step to the remote comput-
ing device as a suggested completion step for the unassoci-
ated task.

Other implementations may 1nclude a non-transitory com-
puter readable storage medium storing instructions execut-
able by a processor to perform a method such as one or more
of the methods described herein. Yet another implementation
may include a system including memory and one or more
processors operable to execute instructions, stored in the
memory, to perform a method such as one or more of the
methods described herein.

Particular implementations of the subject matter described
herein create an association between a task completion step
with a given task based on calculated similarity between the
given task and at least one similar task that 1s already associ-
ated with the task completion step. Particular implementa-
tions of the subject matter described herein may determine
similarity measurements between the tasks that take into
account one or more features of the tasks. The new associa-
tion between the tasks may be utilized, for example, to pro-
vide the task completion step as a suggested completion step
for an associated task via a remote computing device.

It should be appreciated that all combinations of the fore-
going concepts and additional concepts discussed 1n greater
detail herein are contemplated as being part of the subject
matter disclosed herein. For example, all combinations of
claimed subject matter appearing at the end of this disclosure
are contemplated as being part of the subject matter disclosed
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s ablock diagram of example environment 1n which
a method for associating a task completion step of a task with
a similar task may be implemented.

FIG. 2 1s a flowchart of a method for determining a task
group of tasks that share similarities and associating a task
completion step with one of the tasks.

FIGS. 3A, 3B, 3C, and 3D are example illustrations of task
similarity comparisons.

FIG. 4 1llustrates a block diagram of an example computer
system.

DETAILED DESCRIPTION

A user may have interest in performing a task and may
utilize one or more applications to create the task and/or
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determine how to complete the task. A task may be deter-
mined for a user based on information that 1s associated with
the user and/or one or more actions of the user. User actions
may include, for example, submitting one or more terms to an
application that 1s executing on a computing device, execut-
ing a voice command, opening an application, and/or submiut-
ting one or more istructions. For example, a user may submit
a search query of “pay my cell phone bill” to a search engine
to request results that include a mailing address and/or a bill
payment phone number for the cellular phone provider of the
user. The user action of submitting a search query to a search
engine may 1dentify that the user has interest in creating a task
based on the terms of the search query. As another example, a
user may create an entry in a calendar application to remind
the user of a future task to perform.

A task includes a task objective that specifies the intended
result of a task. For example, a task for a user may be to pay
a cellular phone bill and the result when the task 1s completed
1s that the cellular phone bill of the user 1s paid. A task may
include one or more task completion steps that may be pro-
vided to a user to facilitate the task objective. For example, the
task objective of a task of auser may be to pay a cellular phone
bill and the user may be provided with a task completion step
for the task that includes information that may be utilized to
pay the cellular phone bill, such as a phone number and/or bill
payment website of the user’s cellular phone company. Task
objectives and/or task completion steps may include one or
more components. For example, task objectives may be rep-
resented by a task action and one or more task objects as
described herein. Also, for example, a task completion step
may be represented by a completion action and one or more
completion objects as described herein.

A task objective includes a task action that the user has
interest 1 performing. For example, a user may submit a
search query of “pay cellular phone bill” and a task may be
created that includes the task action “pay.” Also, for example,
a created task of “contact Bob” may include the task action
“contact.” In some 1mplementations, a task action may be
determined based on one or more sources in addition to the
user actions that were utilized to create the task. For example,
a task action may not be explicitly provided by a user, deter-
minable based on the additional information that 1s associated
with the user, and/or determinable based on actions of the
user. For example, a user may submit a search query of “cell
phone billing address,” and a task may be determined with a
task action of “pay” based on a determined likelihood that a
search that includes “cell phone™ and “address” may indicate
that a user 1s searching for an address that 1s related to a
cellular phone and that the user 1s interested in paying the
cellular phone bill. One or more databases may be utilized to
identily relationships between input from a user and likely
actions to associate with a task. For example, a task database
and/or an entity database may be utilized to determine task
actions for a task based on associations 1n the database and/or
available information that 1s associated with the user.

A task objective may include one or more task objects that
are related to the task and/or the task action. For example, a
task to pay a cellular phone bill may include the task object of
“cellular phone bill,” where “cellular phone bill” 1s the object
to which the task action, “pay,” 1s related. Also, for example,
a task of “contact Bob” may include the task object that the
user has interest in contacting: the person “Bob.” In some
implementations, an object of a task objective may not be a
physical entity. For example, a task objective may be “attend
meeting,” where the task object 1s “meeting.” In some 1mple-
mentations, a task action may be determined based on the task
object that 1s determined for a task. For example, a task that
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includes a task object that 1s a phone number may be associ-
ated with the task action of “call” based on an association
between an entity associated with the action “call” and an
entity associated with “phone numbers” that 1s identified
from one or more databases, such as an entity database.

In some implementations, a task may be associated with
one or more task completion steps that may be performed to
complete the task. For example, for a task of “pay my cellular
phone bill,” the user may be provided with a billing phone
number, mailing address, and/or a webpage that the user may
utilize to complete the task of paying a cellular phone baill.
Also, for example, a task objective of “buy bananas™ may be
associated with task completion steps that specify actions that
may be performed to complete a banana purchase, such as
directions to a grocery store and/or a webpage address where
produce may be purchased. In some implementations, a user
may be provided with determined task completion steps for a
task. For example, a user may be provided, via a mobile
device of the user, with directions to a location where the task
may be completed. In some implementations, task comple-
tion steps for a task may be provided to one or more users in
addition to or mstead of the user. For example, task comple-
tion steps may be provided to a human-based task tulfillment
application, such as a website where one or more users may
offer to complete a task for a user.

A task completion step may include a completion action
and one or more completion objects. For example, for the task
completion step of “travel to the grocery store,” the task
completion step may be associated with the completion
action of “travel” and the completion object “grocery store.”
In some 1mplementations, the completion action and/or the
completion object of a task completion step may be deter-
mined based on one or more terms 1n a task objective, addi-
tional information that 1s associated with the user that 1s
related to the task, and/or one or more sources of information,
such as a task database and/or an entity database. For
example, a task action of “contact” may be associated with a
completion action of *“call” based on determining that an
entity with an alias of “contact” 1s associated with an entity
with an alias of “call.” Also, for example, a task with a task
object of “dad™ may be associated with a task completion step
that includes a completion object of “Bob™ based on deter-
mining that an entry 1n a contacts application of the user
indicates that Bob 1s the father of the user. In some 1mple-
mentations, a task completion step may include a textual
representation of a task completion step, a completion action,
and/or a completion object.

A task may be associated with multiple task completion
steps that may be performed and that each separately allows a
user to satisly the mntended objective of the task by a different
completion action and/or completion object. For example, the
task of “pay cellular phone bill” may be completed by paying
the bill through an online payment service, by mailing pay-
ment to a payment address, and/or through a phone payment
transaction. The task objective of “pay cellular phone bill”
may be associated with task completion steps for mailing a
payment, for paying by phone, and/or for paying via an online
payment based on determining that the task may be accom-
plished by any of these methods. In some 1implementations,
different task completion steps for a task may be provided to
a user based on one or more factors, such as a time and/or a
place where the task may be completed. For example, a user
may be provided with a mailing address for a bill when the ball
payment will likely be recerved before the bill due date 11 the
payment 1s mailed; whereas the user may be provided with an
online payment service (and not the mailing address) when
the bill payment will not likely be received before the due date
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if the bill was mailed. Also, for example, different task
completion steps may be provided to a user based on the
device and/or application that 1s being utilized by the user. For
example, a user may be provided with a bill payment website
when the user 1s 1dentified as utilizing a web browser appli-
cation of a computing device; whereas a dialing application
executing on a mobile device of the user may be populated
with the billing phone number when the user 1s 1dentified as
accessing the dialing application of a mobile device.

In some implementations, a task may include one or more
times when a task may be completed and/or locations where
a task may be completed. For example, a task may be “pay
cellular phone bill” and a due date of the cellular phone bill
may be 1identified based on additional information that may be
identified from, for example, emails, user webpage naviga-
tion, a calendar application of the user, and/or one or more
query terms that were submitted by the user. A date and/or
time that are associated with a task may be utilized to deter-
mine when to provide task completion steps to a user and/or
determine which task completion steps to provide to the user
il multiple task completion steps are associated with the task.
For example, a user may be provided with a task completion
step that 1s related to mailing a payment for a bill when the due
date 1s one week from the current date (1.e., when the payment
will likely reach the cellular phone company by the due date).
Also, for example, a user may be provided with a task comple-
tion step the day before a bill 1s due (1.e., when other forms of
payment, such as mailing a payment, may not reach the cel-
lular phone company by the due date) that includes calling a
billing phone number and/or navigating to a web page where
payment may be immediately submitted. In some implemen-
tations, one or more task completion steps may be provided to
a user based on one or more actions of a user. For example, a
task of “Call Bob” may be associated with a user and the user
may be provided with a reminder to “Call Bob” when the user
accesses a cellular phone.

In some implementations, one or more components of a
task may be associated with a textual representation. For
example, a task for paying a cellular phone bill may be asso-
ciated with the textual representation “pay cellular phone
bill” for the task objective, “pay” for the task action, and/or
“cellular phone bill” for the task object. In some 1implemen-
tations, one or more of the textual representations that are
associated with components of a task may be determined
based on one or more terms and/or actions that were utilized
to 1nitially determine the task. For example, a user may sub-
mit a search query of “pay my cellular phone bill” and the
textual representation of task objective for the determined
task may be “pay cellular phone bill.”

In some 1mplementations, textual representations that are
associated with a task may be a modified form of what was
utilized to determine the task. Modification of textual repre-
sentations may include, for example, replacing a term with a
canonical form, reordering of terms, replacing terms with
synonyms, and/or correcting misspellings. For example, the
task that 1s determined based on the user submitting the query
“calling phone company” may be associated with the textual
representation “call phone company” and/or the task action
for the task may be associated with the textual representation
“call” based on replacing *“calling” with a canonical form of
“call” In some 1mplementations, one or more stop words
(“to,” “for,” “at,” etc.) may be removed from textual repre-
sentations. For example, a user may submit the query “pay the
cell phone bill” and the textual representation that 1s associ-
ated with the determined task may be “pay cell phone bill.”

Two or more tasks that share similarities may share similar
task completion steps. For example, a task of “buy bananas™
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and a task of “buy apples” may both have a task completion
step that includes a location where both bananas and apples
may be purchased, such as a grocery store. Both tasks may be
associated with a task completion step of “go to the grocery
store.” In some 1nstances, a given task may not be associated
with a task completion step and a similar task that has known
task completion steps may be utilized to determine task
completion steps for the given task based on similarity
between the given task and the similar task. For example, a
task of “buy bananas” may be associated with a task comple-
tion step of “go to the grocery store,” but a task of “buy
rhubarb” may not have associated task completion steps (e.g.,
a user has not previously submitted a task of purchasing
rhubarb); however, based on similarities between the tasks
“buy bananas™ and “buy rhubarb” (i1.e., both include buying
produce), the task completion step of “go to the grocery store”™
may be associated with the task “buy rhubarb.” Also, for
example, “buy apples™ may be associated with both “go to the
grocery store” and “go to the farmer’s market,” and “buy
bananas” may be associated only with the task completion
step of “go to the grocery store.” An association between the
“buy bananas” task objective and the task completion step of
“00 to the farmer’s market” may be determined based on:
similarities between the task objectives “buy apples™ and
“buy bananas;” similarities between textual representations
of one or more components of the tasks, such as the task
actions and/or the task objects of the tasks; and/or similarities
between the task completion steps of the tasks. Also, for
example, the task completion step of “go to the farmer’s
market” may not be associated with the task “buy bananas™
based on, for example, determining that bananas are not an
item that 1s likely available at a local farmer’s market.

Referring to FIG. 1, a block diagram 1s 1llustrated of an
example environment in which a method of associating a task
completion step of a task with a similar task may be 1mple-
mented. The environment includes computing device 1035
with task application 110, task recognition engine 115, task
similarity engine 120, task database 125, and entity database
130. The environment also includes a communication net-
work 101 that enables communication between various com-
ponents of the environment. In some 1implementations, the
communication network 101 may include the Internet, one or
more intranets, and/or one or more bus subsystems. The com-
munication network 101 may optionally utilize one or more
standard communications technologies, protocols, and/or
inter-process communication techniques.

The task recognition engine 115, the task similarity engine
120, and/or one or more additional components of the
example environment of FIG. 1 may each include memory for
storage of data and software applications, a processor for
accessing data and executing applications, and components
that facilitate communication over a network. In some 1mple-
mentations, the task recognition engine 115 and/or the task
similarity engine 120 may include hardware that shares one or
more characteristics with the example computer system that
1s 1llustrated in FIG. 4. The operations performed by other
components of the example environment may be distributed
across multiple computer systems. For example, task recog-
nition engine 115, task similarity engine 120, task database
125, and/or entity database 130 may be computer programs
running on one or more computers 1 one or more locations
that are coupled to each other through a network.

The computing device 105 executes one or more applica-
tions and may be, for example, a desktop computer, a laptop
computer, a cellular phone, a smartphone, a personal digital
assistant (PDA), a tablet computer, a navigation system, a
wearable computing device (e.g., glasses, watch, earpiece),
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and/or other computing device. The computing device 105
includes memory for storage of data and software applica-
tions, a processor for accessing data and executing applica-
tions, and components that facilitate communication over a
communication network 101. In some implementations, the
computing device 105 may include hardware that shares one
or more characteristics with the example computer system
that 1s illustrated 1n FI1G. 4. In some implementations, the one
or more applications executed by the computing device 105
may include a task application 110. As discussed herein, the
computing device 105 may optionally be utilized to, directly
or indirectly, 1identily one or more actions of a user and
provide user task information and/or additional information
to one or more components. The task application 110 may be
utilized to access one or more applications such as, for
example, e-mail applications and/or calendar applications. In
some 1mplementations, task application 110 may be an add-
on to one or more other applications that are executing on
computing device 105. In some implementations, task appli-
cation 110 may be an application that performs one or more
actions 1n addition to identifying task information. For
example, task application 110 may be a web browser and
additionally provide one or more components with task infor-
mation based on browser input by a user. Additionally or
alternatively, task application 110 may be an application that
1s dedicated to creating tasks. For example, a user may itend
to create a task and the user may utilize task application 110
to submit information to create the intended task.

In some 1mplementations, task database 125 may be uti-
lized by one or more components to store and/or access tasks.
The task database 125 may include one or more storage
mediums. For example, in some implementations, the task
database 125 may include multiple computer servers each
containing one or more storage mediums. Information dis-
cussed herein may optionally be stored 1n the task database
125 and/or an additional database. For example, tasks and
associated imnformation (e.g., actions, entities, unique entity
identifiers, textual representations of associated information,
task completion steps, etc.) may be stored in task database
125 for later access by one or more components. In this
specification, the term “database” will be used broadly to
refer to any collection of data. The data of the database does
not need to be structured in any particular way, or structured
at all, and 1t can be stored on storage devices 1n one or more
locations. Thus, for example, the database may include mul-
tiple collections of data, each of which may be organized and
accessed differently.

In some 1implementations, one or more of the tasks that are
stored 1n task database 125 may be determined by task rec-
ognition engine 115 based on information that 1s recerved
from task application 110. For example, task application 110
may 1dentily information and/or one or more actions of a user
and transmit the information to task recognition engine 115.
Task recognition engine 115 may create a task based on the
actions of the user and/or other information that was recerved
from task application 110.

In some 1mplementations, task database 125 may include
tasks that are associated with users. For example, task recog-
nition engine 115 may determine a task for a user and further
determine one or more conditions that may be satisfied to
provide the task completion steps of the task to the user. The
task may be stored 1n the task database 125 and retrieved by
one or more components to provide to the user when the
associated conditions have been satisfied. In some 1implemen-
tations, task database 1235 may include tasks that have been
previously determined for users and stored without an asso-
ciation to a particular user. For example, task recognition
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engine 115 may store one or more tasks 1n task database 125
alter a task has been provided to a user for later utilization by
one or more components. In some 1implementations, tasks 1n
task database 125 may be from multiple users. For example,
task database 125 may be a repository for tasks that have been
identified from information from multiple task applications
110. In some implementations, the identified tasks may be
from one user. For example, each user may have a separate
task database 125 that includes only tasks associated with that
user. In some implementations, the tasks of each user may be
stored on the same media and/or 1n the same database and the
tasks ol a given user may be accessible only to components of
the system for that user. For example, each user may have an
instantiation of a task similarity engine 120 and the task
similarity engine 120 for a user may have access only to tasks
in the task database 125 that have been previously submitted
by that user.

In some 1mplementations, one or more components of a
task may be associated with an enfity. Entity database 130
may be utilized to identily entities that are associated with, for
example, task actions, task objects, completion actions, and/
or completion objects of tasks. For example, entity database
130 may include a mapping (e.g., data defining an associa-
tion) between entities and one or more properties and/or other
entities related to the entity. In some 1implementations, enti-
ties are topics of discourse. In some implementations, entities
are persons, places, concepts, and/or things that can be
referred to by a textual representation (e.g., a term or phrase)
and are distinguishable from one another (e.g., based on
context). For example, the text “bill” 1n a query or on a
webpage may potentially refer to multiple entities such as
President Bill Clinton, actor Bill Paxton, an invoice from a
business, and a feature of a duck. In some 1implementations,
an entity may be referenced by a unique entity identifier that
may be used to identify the entity. The unique entity identifier
may be associated with one or more properties associated
with the entity and/or with other entities. For example, in
some 1mplementations, the entity database 130 may include
properties associated with unique i1dentifiers of one or more
entities. For example, a unique 1dentifier for the entity asso-
ciated with the airport with an airport code “LAX” may be
associated with a name or alias property of “LAX.” another
alias property of “Los Angeles International Airport” (an
alternative name by which LAX 1s often referenced), a phone
number property, an address property, and/or an enfity type
property of “atrport” 1n the entity properties database. Addi-
tional and/or alternative properties may be associated with an
entity 1n one or more databases.

Task recognition engine 115 may receive task information
and/or additional information from task application 110 and/
or one or more databases to determine a task to associate with
a user. Task imnformation and/or additional information may
include, for example, actions of a user and documents that are
associated with the user. Task recognition engine 115 may
determine one or more task completion steps to associate with
a task based on the task information and/or the additional
information. In some implementations, task recognition
engine 115 may determine one or more tasks and/or task
completion steps for a task based on one or more entities 1n
entity database 130. For example, a user may submit the
query “‘cable phone number” to a task application 110 and
task recognition engine 115 may determine that the task 1s
“call cable company” based on identifying an entity for the
action “call” that 1s associated with an entity with an alias of
“phone number.”

In some 1nstances, task recognition engine 115 may be
unable to determine a task completion step for a determined
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task and/or may be unable to determine with a high enough
degree of certainty that a task completion step should be
associated with the determined task. For example, task rec-
ognition engine 115 may notlocate a task in task database 125
that matches the determined task. For example, task recogni-
tion engine 115 may determine that a task 1s “buy rhubarb”
and look for a task 1n task database 123 that matches the task.
If one or more components have not previously been pre-
sented with the task “buy rhubarb,” task recognition engine
115 may not find an associated task completion step that has
been previously provided.

In some 1nstances, a task may have multiple task comple-
tion steps that are not currently associated with the task. For
example, a task objective may be “contact cable company”™
and task recognition engine 115 may determine a task
completion step of “call 555-3555” based on a task of “con-
tact cable company” that 1s 1dentified 1n task database 125.
However, additional task completion steps that may be per-
formed to complete the task, such as “navigate to www-
webpage.com,” may not be associated with the i1dentified
task 1n the task database 125.

Task similarity engine 120 receives tasks from task recog-
nition engine 115 and/or identifies one or more tasks 1n task
database 125, and determines whether additional task
completion steps may be associated with one or more of the
tasks based on similarities between the 1dentified tasks. Mul-
tiple received and/or i1dentified tasks may have similar or
identical task completion steps. For example, a task to “pur-
chase bananas™ and a task to “purchase apples” may be per-
formed at the same location (e.g., a grocery store). Based on
similarities between tasks, a task that has not been associated
with a task completion step may be associated with a similar
task completion step of a similar task. In some 1implementa-
tions, task recognition engine 115 may provide a task to task
similarity engine 120 when a task completion step has not
been determined for the task. In some implementations, task
recognition engine 1135 may additionally or alternatively sub-
mit tasks that have associated task completion steps. For
example, task recognition engine 115 may submit all deter-
mined tasks to task similarity engine 120 to determine
whether additional task completion steps that were not deter-
mined by task recognition engine 115 may be associated with
the tasks.

For a given task, task similarity engine 120 identifies one or
more tasks that are similar to the given task. The given task
may be, for example, a task that was provided to the task
similarity engine 120 by the task recognition engine 115, a
task that was retrieved from task database 125, and/or a task
that was received from one or more alternate components.
Similarities between tasks may be determined based on, for
example, similarity of task actions of tasks, task objects of
tasks, similarities between associated task completion steps
of tasks, and/or textual representations of one or more com-
ponents of tasks.

In some implementations, task similarity engine 120 may
determine one or more similarity measurements that are rep-
resentative of the similarity of corresponding components of
two or more tasks. For example, task similarity engine 120
may determine a similarity measurement between task
actions of two tasks, task objects of two tasks, completion
actions of two tasks, and/or completion objects of two tasks.

In some implementations, task similarity engine 120 may
determine an overall similarity measurement for similarity
between two or more tasks. An overall similarity measure-
ment may be an aggregate measurement that includes simi-
larity measurements of one or more components of given
tasks. For example, for two given tasks, task similarity engine
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120 may determine a similarity measurement between the
task actions of two tasks, determine a similarity measurement
between the task objects ol the tasks, and determine an overall
similarity measurement for the similarity of the tasks based
on the task action similarity measurement and the task object
similarity measurement. Task similarity engine 120 may
determine that two tasks are similar if the similarity measure-
ment between tasks exceeds a threshold similarity measure-
ment. In some implementations, an overall similarity mea-
surement may be calculated based on similarity
measurements between task actions of tasks, task objects of
tasks, completion actions of tasks, and/or completion objects
of tasks.

Retferring to FIGS. 3A through 3D, example tasks and
comparisons between tasks that may be performed by task
similarity engine 120 are provided. For each task, a task
objective 1s depicted 1n a gray bold box and task completion
steps are provided in the boxes below the task objective. For
example, task 300 includes a task objective of “Buy apples”
and has an associated task completion step of “Iravel to the
grocery store.” For purposes of illustration, task objectives
and task completion steps are depicted as a complete
sequence of terms. However, a task objective may include a
task action and a task object that may be treated separately for
comparison purposes. For example, task 300 includes a task
action of “Buy” and a task object of “Apples.”” Additionally, a
task completion step may include a completion action and
one or more completion objects that may be treated sepa-
rately. For example, task 300 includes a task completion step
of “Travel to the grocery store” that may be represented by a
completion action of “Iravel” and a completion object of
“Grocery store.”

In each example, lines denoted with S references (S1, S2,
etc.) represent similarity measurements that may be deter-
mined by task similarity engine 120. The similarity measure-
ments may be based on one or more similarity measurements
as described herein and/or alternate similarity measurements.
For example, S1 denotes a similarity measurement between
the task objective of task 300 and the task objective of task
310. Also, for example, S2 denotes a similarity measurement
between the task completion steps of “Travel to the grocery
store” of task 300 and ““Iravel to the grocery store” of task
310. For each depicted similarity measurement, the measure-
ment may be based on comparisons between actions and/or
entities of the task objective or task completion step. For

example, S1 may be a similarity measurement between the
task actions of task 300 and task 310 (i.e., “Buy” and “Buy™),

the task objects of task 300 and task 310 (1.e., “Apples” and
“Bananas”), or a combination of the similarity measurements
between the task actions and task objects of the tasks. A task
completion step of “?”” indicates that a task completion step
has not been determined for that task, such as the task comple-
tion step of task 330 1n FIG. 3B.

In some implementations, one or more similarity measure-
ments may be weighted ditferently in determining a similar-
ity measurement between two or more tasks. For example,
task similarity engine 120 may utilize the following equation
to determine an overall similarity measurement between two
tasks based on similarity measurements of task components
of the two tasks:

H i = i —
St *WratSto™WrotScd *WeutSco™Weco=Soverait

where:

S —sSimilarity between task actions of two tasks,

S ~=Similarity between task objects of two tasks,

S~ ,=Similarity between completion actions of two tasks,
S ~o—=Similarity between completion objects of two tasks,
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S e 47 r=S1milarity between two tasks,

W =Weight of similarity measurement S,
W.,=Weight of similarity measurement S .,

W =Weight of similarity measurement S ,

W ,=Weight of similarity measurement S, and
W, +W_ +W,. +W_ . =1.

For example, referring to FIG. 3A, task similarity engine
120 may determine an overall similarity measurement
Sorrerarr DY determining S1 and S2, where S1 may be a
similarity measurement between task actions and/or task
objects of the task objectives of task 300 and task 310 (i.e.,
S, and/or S ), and where S2 may be a similarity measure-
ment between completion actions and/or completion objects
of the task completion steps of task 300 and task 310 (1.e., S,
and/or S_z). The similarity measurements may be weighted
such that, for example, S1 contributes 80% of the overall
similarity measurement and S2 contributes 20% of the simi-

larity measurement. For example, the overall similarity mea-
surement for the tasks of FIG. 3A may be:

(Sz4+S7E)*0.8+(Scy+Scg)*0.2=Sorerar

In some 1implementations, an overall similarity measure-
ment may be determined by weighting similarity measure-
ments evenly. For example, the previous equation for
S o1 477 May be utilized such that:

WTA — WTE: WCA_ WCEZO 25 .

In some implementations, task similarity engine 120 may
determine that two tasks are similar 1f an overall similarity
measurement between the tasks satisfies a threshold. For
example, referring to the previous equation for S,p2r 7 7.
task similarity engine 120 may determine that two tasks are
suificiently similar 1f:

SOVERALLES THRESHOLD»

where S /0 - o707 18 a threshold similarity value that must be
satisiied for tasks to be included 1n a task group.

In some implementations, a similarity measurement
between tasks may be based on textual representations of
corresponding components between the tasks. For example,
task similarity engine 120 may determine a similarity mea-
surement for two given tasks in part by comparing the simi-
larity of the textual representations of task actions of the
tasks. Similarity of textual representations may be deter-
mined based on, for example, edit distance, 1dentical terms,
identification of synonyms 1n textual representations, coms-
parison of canonicalized textual representations, and/or one
or more additional methods of comparing terms for similarity.
For example, referring to FIG. 3A, S1 may be determined
based on comparing one or more terms of “Buy apples™ and
“Purchase bananas” for textual similarities. Also, for
example, referring to FIG. 3B, S3 may be determined based
on comparing the task action of task 320, “Buy,” with the task
action of task 330, “Buy.” Based on the similarity of the two
task actions, task similarity engine 120 may assign a value to
S3 that 1s indicative of a similarity between the task actions.

In some implementations, components of tasks may be
compared based on relationships between entities of the
tasks. For example, an overall similarity measurement for two
tasks may be determined based, in part, on identifying a
relationship between entities that represent the same type of
component 1 two tasks. For example, similarity measure-
ment S1 may be determined in part based on similarity
between the task object “Apples™ of task 300 and the task
object “Bananas” of task 310. Task similarity engine 120 may
determine a similarity measurement for the relationship and
utilize the determined measurement to determine an overall
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similarity measurement for the two tasks. For example, S2
may be determined based on an entity relationship between
the task object “Apples™ of task 300 and “Bananas™ of task
310, and an overall similarity measurement may be deter-
mined based on S1 and S2.

In some 1implementations, determining similarity between
tasks may include comparing task actions of two or more
tasks. For example, two tasks may be similar 11 the tasks share
a similar task action. In some implementations, textual rep-
resentations ol task actions may be utilized to determine
similarity. For example, referring to FIG. 3B, S3 may be
determined based on, in part, similarity between the task
action of task 320, “buy,” and the task action of task 330,
“buy.” In some implementations, task actions of tasks may be
compared based on entities and/or aliases of entities that are
associated with a task action of a task. For example, referring
to FIG. 3A, S1 may be determined based on identifying that
an entity that 1s associated with the task action “buy,” the task
action of task 300, 1s additionally associated with an alias
“purchase,” the task action of task 310. Task recognition
engine 115 may determine relationships between entities
based on one or more entities from entity database 130.

In some 1implementations, determining similarity between
tasks may include comparing task objects of two or more
tasks. Two tasks may be similar 1f the task objects of the tasks
share one or more characteristics. For example, referring to
FIG. 3A, the task object of task 300 1s “apples” and the task
object of task 310 1s “bananas.” Task similarity engine 120
may 1dentily entities for “apples” and “bananas™ 1n entity
database 130 and determine that the two entities are both
members of a “fruit” category and/or are both associated with
an entity of “fruit.”” In some implementations, a similarity
measurement may be determined based on the entity associa-
tion of the tasks. For example, S1 of FIG. 3A may be deter-
mined by task similarity engine 120 based on similarity
between “apples” and “bananas” that 1s determined based on
an 1dentified association (e.g., both are fruits) between enti-
ties that are associated with “apples™ and “bananas.”

In some 1mplementations, determining a similarity mea-
surement between tasks may include comparing completion
actions of two or more tasks. For example, referring to FIG.
3C, both task 350 and task 360 have a completion action of
“travel.”” Based on the task actions of “travel” in both tasks,
task similarity engine 120 may assign a similarity measure-
ment S6 that 1s indicative of a strong similarity between the
task actions. Also, for example, S6 may be indicative of an
exact textual match between the task actions of task 350 and
task 360. In some implementations, entities associated with
the task completion actions may be i1dentified 1n an entity
database 130 and S6 may be determined based on one or more
associations between the identified entities. For example, a
completion action of “travel” and a completion action of “go
to” may both be associated with the same entity and/or related
to stmilar entities 1n entity database 130; and task similarity
engine 120 may determine a similarity measurement between
the tasks that 1s partially based on the actions being associated
with the same 1dentified entity.

In some 1implementations, determining a similarity mea-
surement between tasks may include identitying whether two
or more tasks include entities that are members of the same or
similar categories. For example, referring to FIG. 3D, task
370 includes a completion object of “cell phone provider” and
task 380 includes the completion object “Restaurant 1.” Task
similarity engine 120 may determine similarity measurement
S8 based on 1dentitying an entity that 1s associated with “cell
phone provider” and an entity that 1s associated with “Res-
taurant 17 and determining that both completion objects are
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associated with entities that are members of a “business”
category. In some 1mplementations, task similarity engine
120 may determine S8 based on both associated entities being
members of the “business™ category.

In some implementations, task similarity engine 120 may 5
identify multiple categories and/or multiple entities that are
associated with entities of two or more tasks and may deter-
mine similarity measurements between tasks based on the
multiple categories that are associated with the entities of
tasks. For example, referning to FIG. 3D, task similarity 10
engine 120 may identily entities associated with the task
objects “cell phone provider” and “Restaurant 1,7 1dentily
that both 1dentified entities are members of a “business” cat-
egory, and then further 1dentify that “Restaurant 1 1s associ-
ated with an entity that 1s a member of a “restaurant” entity 15
category and that “cell phone provider” 1s associated with an
entity that 1s a member of a “service provider” category. Task
similarity engine 120 may determine the similarity of the
entities based on both category associations. Because the task
objects are both members of the same category (“business™) 20
and both members of separate categories (“restaurant” and
“service provider”), task similarity engine 120 may deter-
mine a similarity measurement for the tasks that 1s less indica-
tive of similarity than, for example, two tasks that have task
objects that are members of multiple same categories, such as 25
task objects of “Restaurant 17 and “Restaurant 2,” which may
both be members of a “business” category and both members
ol a “restaurant” category.

Task similanty engine 120 may associate a task completion
step that 1s associated with one or more tasks to one or more 30
ol the tasks that are similar and that are not associated with
that task completion step. Similarity between two or more
tasks may be determined, for example, based on one or more
of the methods described herein, such as similarty of task
actions, task objects, completion actions, and/or completion 35
objects. In some implementations, multiple similarity mea-
surements of components of tasks may be aggregated to an
overall similarity measurement as described herein.

In some 1mplementations, the task similarity engine 120
may associate multiple tasks into a task group based on each 40
of the multiple tasks having a similarity measurement with
respect to one or more of the tasks of the task group that
satisfies a threshold similarity value. In some 1mplementa-
tions, multiple tasks may be compared to one group task of
the task group, and the similarity measurement of each of the 45
multiple tasks that satisfies a threshold similarity value with
respect to the group task may be included 1n the task group
that includes the group task. For example, referring to FIG.
3B, task 320 may be 1ncluded 1n a task group that includes
task 330 11 S3 satisfies a threshold similarity value. Also, for 50
example, task 340 may be included in the task group that
includes task 320 and task 330 11 S4 satisfies a threshold
similarity measurement. In some implementations, multiple
similarity measurements between tasks may be utilized to
determine whether the compared tasks are sufficiently stmilar 55
to be a task group. For example, referring to FIG. 3B, task 320
may additionally be compared to task 340 and the three 1llus-
trated tasks may be grouped into a task group based on all
similarity measurements between the tasks satistying a
threshold similarity measurement. 60

In some 1implementations, a task group may be determined
based on a similarity measurement between each of the tasks
of the task group and a task template. A task template 1s a task
pattern that generically describes one or more components of
tasks. For example, a task template may be 65
“<purchase><{ruit>” which includes a generic task action
that may be associated with an entities of “buy,” “purchase,”
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and “procure,” and a generic task object that 1s associated with
entities that are member of an entity category of “fruit,” which
may 1nclude task objects of “apples,” “oranges,” and
“bananas.” Task similarity engine 120 may determine a tem-
plate similarity measurement between each of the plurality of
tasks and the task template and determine a task group that
includes the tasks of the plurality of tasks that have a template
similarity measurement that 1s indicative of the task conform-
ing to the task template.

Many other configurations are possible having more or less
components than the environment shown in FIG. 1. For
example, although the components are each 1llustrated alone
in FIG. 1, 1t 1s understood that one or more of the computing
device 105, task recognition engine 1135, task similarity
engine 120, task database 1235, and/or entity database 130
may be combined 1n some implementations.

Referring to FIG. 2, a flowchart of a method for determin-
ing a task group of tasks that share similarities and associating
a task completion step with one of the tasks 1s provided. Other
implementations may perform the steps in a different order,
omit certain steps, and/or perform different and/or additional
steps than those illustrated in FIG. 2. For convenience,
aspects of FIG. 2 will be described with reference to one or
more components of FIG. 1 that may perform the method,
such as task similarity engine 120 and/or task recognition
engine 115.

At step 200, a plurality of tasks 1s identified. In some
implementations, the plurality of tasks 1s identified by a com-
ponent that shares one or more characteristics with task simi-
larity engine 120. In some implementations, tasks may be
identified from a database that shares one or more character-
1stics with task database 125. In some implementations, one
or more tasks may be provided to task similarity engine 120
by a component that shares one or more characteristics with
task recognition engine 115. In some implementations, one or
more tasks that are identified may be associated with one or
more task completion steps. In some 1implementations, one or
more tasks that are 1dentified may not be associated with a
task completion step.

At step 205, a task group 1s determined based on similarity
between the tasks. In some implementations, task similarity
between two or more tasks may be determined based on
similarity of one or more components of a task objective of
the tasks. For example, task similarity may be determined
based on task actions and/or task objects as described herein.
In some 1mplementations, task similarity may be based on
similarity between one or more components of task comple-
tion steps that are associated with two or more tasks. For
example, stmilarity between two tasks may be based on simi-
larity between completion actions and/or completion objects
of two or more tasks as described herein. In some implemen-
tations, similarity between tasks may be determined based on
a combination of two or more similarity measurements. For
example, overall similanty between two or more tasks may be
based on similarity between both task objects and completion
objects of the two or more tasks.

At step 210, a task completion step that 1s associated with
one or more of the tasks of the task group 1s identified. In some
implementations, the task completion step may have been
previously determined by a component that shares one or
more characteristics with task recognition engine 115. For
example, task recognition engine 115 may determine a task
and associate a task completion step with the task based on
information that 1s recerved from task application 110. In
some 1mplementations, task similarity engine 120 may have
previously associated a task completion step with the task
utilizing a method that may share one or more characteristics
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with the method that 1s provided in FIG. 2. For example, task
recognition engine 115 may provide a task to task similarity
engine 120 to determine task completion steps to associate
with the task utilizing the method of FIG. 2 and store the task
in task database 125, and task similarity engine 120 may later >
receive an additional task from task recognition engine 115
identify the previous task in task database 1235, associate one
or more additional task completion steps with the task based
on the task that 1s received from task recognition engine 115.

Task similarity engine 120 may determine the task comple-
tion step to associate with one of the tasks of the task group.
In some 1mplementations, task similarity engine 120 may
determine whether to associate a given task completion step
with a task of the task group based on the number of tasks
and/or percentage of tasks of the task group that are associ-
ated with the task completion step. For example, referring to
FIG. 3B, task similarity engine 120 may determine that the
identified tasks 320 and 340 are associated with the task
completion step “Travel to the grocery store” and associate 3
the task completion step with task 330 based on all of the tasks
of the task group being associated with the task completion
step “Travel to the grocery store.” Also, for example, task
similarity engine 120 may identify a fourth task of “Buy
pumpkins” of the task group and that 1s associated with the 25
task completion step “Go to the farmer’s market.” Task simi-
larity engine 120 may not associate the task completion step
“Go to the farmer’s market” with task 330 11 that task comple-
tion step does not appear a threshold number of times 1n the
identified tasks of the task group. 30

In some implementations, task similarity engine 120 may
associate a task completion step with a task of the task group
for a particular user based on additional information that 1s
associated with the user. For example, a user may be associ-
ated with a location where the user lives, information about 35
one or more habits and/or preferences of the user, and/or other
information about the user. One or more task completion
steps may be associated with a task of a user based on, for
example, the likelihood that a user that 1s associated with the
identified information has interest 1in utilizing the identified 40
task completion step. For example, a task completion step of
“Travel to Grocery Store 17 may be associated with a task of
a user 1f the user 1s located within a threshold distance of
“Grocery Store 1.7

At step 215, a task of the task group that 1s not associated 45
with the task completion step that was 1identified at step 210 1s
determined. The task may be determined by a component that
shares one or more characteristics with task similarity engine
120. In some implementations, the determined task may not
be associated with a task completion step. In some implemen- 50
tations, the determined task may be associated with one or
more task completion steps, but not the task completion step
that was 1dentified 1n step 210.

At step 220, the task that was identified at step 215 1s
associated with the task completion step that was identified at 55
step 210. The task may be associated with the task completion
step by storing the association between the task and the task
completion step 1n a database that shares one or more char-
acteristics with task database 125. For example, task similar-
ity engine 120 may store a memory address and/or a pointer 60
with a task entry 1n task database 125 that 1s associated with
and/or points to an entry in the task database 125 for the task
completion step. In some implementations, the task comple-
tion step may be provided to task recognition engine 115,
which may provide the task completion step to a user at the 65
appropriate time as a suggested completion step for the task
that was 1dentified at step 210.
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Referring to FIG. 3A, an example comparison of two tasks
1s provided. Task 300 includes a task of “buy apples™ and a
task completion step of “travel to the grocery store.” Task 310
includes a task of “Purchase bananas™ and a task completion
step of “travel to the grocery store.” In some implementations,
task similarity engine 120 may identity the task actions of the
tasks, “buy” and “purchase,” and i1dentily entities 1n entity
database 130 that are associated with the task actions. Task
similarity engine 120 may further determine that both task
actions are associated with the same entity and/or entities that
are members of the same category, and assign a value to the
similarity measurement of the task similarity, S1, based on
both actions being associated with the same entity and/or
related entities. Additionally or alternatively, task similarity
engine 120 may compare similarity between the task objects
of task 300 and task 310 and assign a value to S1 and/or
adjusted assign value to S1 based on similarities between the
task objects of “apples” and “bananas.” For example, task
similarity engine 120 may 1dentify an entity associated with
“apples” and an entity that 1s associated with “bananas,” and
identily a category to which both 1dentified entities are mem-
bers, such as a “fruit” category. Based on determining that
“apples” and “bananas™ are members of the same category,
S1 may be assigned a value indicative of a likelihood that task
300 and task 310 are related. For example, task similarity
engine 120 may determine, based on comparing task compo-
nents of task 300 and task 310, that there 1s an 80% likelihood
that task 300 and task 310 are similar, and assign S1 the value
ol 0.8.

In the tasks of FIG. 3A, both task completion steps are
“travel to the grocery store.” Task similarity engine 120 may
identify the task completion step of each of the tasks and
assign a value S2 that 1s indicative of the likelithood that task
300 and task 310 are related. For example, task similarity
engine 120 may determine that there 1s 100% similarity
between the task completion steps of task 300 and task 310,
and S2 may be assigned a value of 1.0 based on the 1dentical
task completion steps for both tasks.

In some 1implementations of the example tasks of FIG. 3 A,
task similarity engine 120 may aggregate similarity measure-
ments S1 and S2 1nto one overall similarity measurement and
determine the overall similarnity of task 300 and task 310
based on the determined overall similarity measurement.
Task similarity engine 120 may determine that, based on the
values of S1 and S2, an overall similarity measurement for
similarity between task 300 and task 310 that 1s an average of
S1 and S2, or 0.9. In some implementations, S1 and S2 may
not be weighted evenly as described herein.

Referring to FIG. 3B, an example of determining a task
completion step for a task that does not have an assigned task
completion step 1s 1llustrated. Task 330 may be a task that has
been recerved from task recognition engine 115, which does
not have an associated task completion step. Task similarity
engine 120 may identily task 320 from task database 125 and
compare task 320 with task 330 to determine whether the
similarity between the tasks satisfies a threshold similarity
measurement. In the provided example, both tasks share the
same task action, “buy.” Additionally, both task objects are
members of the same category of “fruit.” A user may not have
previously submitted the task “buy rhubarb™ and/or task rec-
ognition engine 115 may not have previously determined a
task completion step for “buy rhubarb,” so the task may not
have an associated task completion step. Task similarity
engine 120 may determine a value for S3 that 1s indicative of
similarity between the task actions and/or task objects of task
320 and task 330 and determine that the similarity between
the tasks satisfies a threshold similarity measurement. Based



US 9,183,039 B2

17

on the threshold similarity of the tasks, task similarity engine
120 may assign the task completion step of “Travel to the
grocery store” to task 330 based on determining that 1t 1s
likely that the tasks will have the same task completion step.
Also, for example, task similarity engine 120 may addition-
ally 1dentity task 340 and also assign a similarity measure-
ment between task 340 and task 330 that 1s indicative of
similarity between task 340 and task 330. Task similarity
engine 120 may determine that, based on multiple tasks shar-
ing the same task completion step and having similar task
actions, task 330 1s likely to be completed utilizing the same
task completion step as the other tasks. Task similarity engine
120 may associate the task completion step ““Iravel to the
grocery store” to task 330 based on the similarity measure-
ments.

Referring to FI1G. 3C, another example of comparing tasks
and determining whether to assign a task completion step to a
task based on similarities with another task 1s illustrated. In
the 1llustrated example, task 350 may be a task that 1s 1denti-
fied from task database 125 and task 360 may be a task that is
received from task recognition engine 115. Task similarity
engine 120 may determine similarity measurements for simi-
larity between the tasks actions and/or task objects of task 350
and task 360, as described herein, and assign a similarity
measurement S5. Additionally, task similarity engine 120
may 1dentity that both tasks share a common task completion
step, “Iravel to the grocery store,” as described herein, and
assign a similarity measurement S6 that 1s indicative of shar-
ing a task completion step. Task similarity engine 120 may
determine an overall similarity measurement for the tasks
based on S5 and S6, and 11 task similarity engine 120 deter-
mines that the overall similarity measurement between the

tasks satisfies a threshold, the additional task completion step
of task 350, “travel to the farmer’s market,” may be associated
with task 360.

Referring to FIG. 3D, another example of comparing tasks
and determining whether to assign a task completion to a task
based on similarities with another task 1s provided. In the
illustrated example, both task 370 and task 380 include the
same task action, “Contact,” and both include task objects that
may be identified from entity database 130 as members of an
entity category “businesses.” Additionally, both tasks include
the task completion step with a completion action of “Call”
and S8 may be determined based on the completion actions.
In some 1mplementations, task similarity engine 120 may
assign a value S7 that 1s indicative of similarity between the
task objectives of task 370 and task 380 and associate the task
completion step of “Mail cell phone provider” to task 380, as
described herein. Also, for example, task similarity engine
120 may associate a task completion step with task 280 that
includes the same completion action as “Mail cell phone
provider” but additionally substitutes the completion object
ol the associated task completion step with the task object of
task 380, which would make the associated task completion
step “Mail Restaurant 1.” In some implementations, task
similarity engine 120 may identily multiple categories to
which the task objects of task 370 and task 380 belong, and
assign a value to S7 that 1s based on the associations of the
task objects with multiple identified categories. For example,
task similarity engine 120 may determine that “cell phone
provider” of task 370 1s also a member of the entity category
“service provider” and “Restaurant 17 of task 380 1s a mem-
ber of the enftity category “restaurant,” and S7 may be less
indicative of similarity between the tasks than tasks where the
task objects have multiple categories in common. Tasks that
include entities that share multiple entity categories may be
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assigned a stmilarity value that 1s more indicative of similarity
than tasks with entities that share fewer enftity categories.

In some implementations, the methods described herein
may be performed substantially in real time. For example,
task application 110 may provide information to task recog-
nition engine 115, task recognition engine 115 may determine
a task based on the information, provide the task to task
similarity engine 120, and task similarity engine 120 may
provide task recogmition engine 115 with additional task
completion steps for the task, which may be provided to the
user at the appropriate time based on fulfillment of one or
more conditions. Also, for example, task similarity engine
120 may determine task completion steps for a task when task
recognition engine 115 1nitially provides the task to the task
similarity engine 120 and store the task and task completion
steps 1n task database 125 for later access by task recognition
engine 115 and/or task application 110.

In some implementations, the methods described here may
be performed utilizing tasks that have been previously stored
in task database 125. For example, task similarity engine 120
may 1dentily two or more tasks from task database 125,
determine similarity between the tasks, determine one or
more task completion steps to associate with one or more of
the tasks, and store the determined task completion step in
task database 125.

FIG. 4 1s a block diagram of an example computer system
410. Computer system 410 typically includes at least one
processor 414 which communicates with a number of periph-
eral devices via bus subsystem 412. These peripheral devices
may 1nclude a storage subsystem 424, including, for example,
a memory subsystem 426 and a {ile storage subsystem 428,
user interface imput devices 422, user interface output devices
420, and a network 1nterface subsystem 416. The mput and
output devices allow user interaction with computer system
410. Network interface subsystem 416 provides an interface
to outside networks and 1s coupled to corresponding interface
devices 1n other computer systems.

User interface mput devices 422 may include a keyboard,
pomnting devices such as a mouse, trackball, touchpad, or
graphics tablet, a scanner, a touchscreen incorporated into the
display, audio mput devices such as voice recognition sys-
tems, microphones, and/or other types of input devices. In
general, use of the term “mput device” 1s intended to include
all possible types of devices and ways to input information
into computer system 410 or onto a communication network.

User interface output devices 420 may include a display
subsystem, a printer, a fax machine, or non-visual displays
such as audio output devices. The display subsystem may
include a cathode ray tube (CR1T), a flat-panel device such as
a liquid crystal display (LCD), a projection device, or some
other mechanism for creating a visible image. The display
subsystem may also provide non-visual display such as via
audio output devices. In general, use of the term “output
device” 1s intended to include all possible types of devices and
ways to output information from computer system 410 to the
user or to another machine or computer system.

Storage subsystem 424 stores programming and data con-
structs that provide the functionality of some or all of the
modules described herein. For example, the storage sub-
system 424 may include the logic to identify one or more
similar tasks and associate a task completion step that 1s
associated with the tasks with a similar task that 1s not asso-
ciated with the task completion step.

These software modules are generally executed by proces-
sor 414 alone or in combination with other processors.
Memory 426 used 1n the storage subsystem can include a
number of memories including a main random access
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memory (RAM) 430 for storage of instructions and data
during program execution and a read only memory (ROM)
432 in which fixed instructions are stored. A file storage
subsystem 428 can provide persistent storage for program
and data files, and may include a hard disk drive, a floppy disk
drive along with associated removable media, a CD-ROM
drive, an optical drive, or removable media cartridges. The
modules implementing the functionality of certaimn imple-
mentations may be stored by file storage subsystem 428 1n the
storage subsystem 424, or in other machines accessible by the
processor(s) 414.

Bus subsystem 412 provides a mechamism for letting the
various components and subsystems of computer system 410
communicate with each other as intended. Although bus sub-
system 412 1s shown schematically as a single bus, alternative
implementations of the bus subsystem may use multiple bus-
SES.

Computer system 410 can be of varying types including a
workstation, server, computing cluster, blade server, server
farm, or any other data processing system or computing
device. Due to the ever-changing nature of computers and
networks, the description of computer system 410 depicted in
FIG. 4 1s intended only as a specific example for purposes of
illustrating some 1mplementations. Many other configura-
tions of computer system 410 are possible having more or
tewer components than the computer system depicted in FIG.

4.

While several implementations have been described and
illustrated herein, a variety of other means and/or structures
for performing the function and/or obtaining the results and/
or one or more of the advantages described herein may be
utilized, and each of such variations and/or modifications 1s
deemed to be within the scope of the mmplementations
described herein. More generally, all parameters, dimensions,
materials, and configurations described herein are meant to be
exemplary and that the actual parameters, dimensions, mate-
rials, and/or configurations will depend upon the specific
application or applications for which the teachings 1s/are
used. Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalents to the specific implementations described herein.
It1s, therefore, to be understood that the foregoing implemen-
tations are presented by way of example only and that, within
the scope of the appended claims and equivalents thereto,
implementations may be practiced otherwise than as specifi-
cally described and claimed. Implementations of the present
disclosure are directed to each individual feature, system,
article, material, kit, and/or method described herein. In addi-
tion, any combination of two or more such features, systems,
articles, materials, kits, and/or methods, 11 such features, sys-
tems, articles, materials, kits, and/or methods are not mutu-
ally inconsistent, 1s included within the scope of the present
disclosure.

What 1s claimed 1s:

1. A computer implemented method, comprising:

identifying a plurality of tasks, wherein one or more of the

tasks are 1dentified from one or more databases;
determining a task group of the tasks based on similarity
between tasks of the task group;

determining an associated task of the tasks of the task

group, wherein the associated task 1s associated with a
task completion step;

identifying an unassociated task of the task group based on

the unassociated task being non-associated with the task
completion step of the associated task;

associating the task completion step of the associated task

with the unassociated task; and
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storing the association between the unassociated task and

the task completion step.
2. The method of claim 1, wherein similarity between the
tasks of the task group 1s determined based on a task similarity
measurement between the associated task and the other tasks
of the task group.
3. The method of claim 1, wherein similarity between the
tasks of the task group 1s determined based on determining a
template similarity measurement for each of the tasks of the
task group, wherein the template similarity measurement for
a grven task 1s based on conformity between the given task
and a task template.
4. The method of claim 1, wherein each of the tasks
includes a task objective.
5. The method of claim 4, wherein a given task objective
includes a task action and a task object.
6. The method of claim 5, wherein the similarity measure-
ment for a given task of the tasks 1s based on an action
similarity measurement between the task action of the given
task and the task action of one or more other tasks of the task
group.
7. The method of claim 5, wherein the similarity measure-
ment for a given task of the tasks 1s based on an object
similarity measurement between the task object of the given
task and the task object of one or more other tasks of the task
group.
8. The method of claim 4, wherein each of the task objec-
tives of the tasks includes a textual representation of the task
objective, and wherein the similarity measurement for a given
task of the tasks 1s based on similarity between the textual
representation of the given task and the textual representation
of one or more of the other tasks of the task group.
9. The method of claim 2, further comprising:
identilying a second associated task of the tasks of the task
group, wherein the second associated task 1s associated
with a second task completion step, wherein the second
associated task 1s unique from the associated task; and

determining a task completion step similarity measure-
ment, wherein the task completion step similarity mea-
surement 1s indicative of similarity between the associ-
ated task completion step and the second associated task
completion step, and wherein the similarity of the sec-
ond associated task with the tasks of the task group is
based on the task completion step similarity measure-
ment.

10. The method of claim 9, wherein the task completion
step 1ncludes a first completion action and a first completion
object, wherein the second task completion step includes a
second completion action and a second completion object.

11. The method of claim 10, wherein determiming the task
completion step similarity measurement includes determin-
ing a similarity between the first completion action and the
second completion action.

12. The method of claim 10, wherein determining the task
completion step similarity measurement includes determin-
ing a similarity between the first completion object and the
second completion object.

13. The method of claim 1, wherein the unassociated task
1s recerved from a remote computing device.

14. The method of claim 13, further comprising providing
the task completion step to the remote computing device as a
suggested completion step for the unassociated task.

15. A system including memory and one or more proces-
sors operable to execute instructions 1n memory, comprising,
instructions to:

identily a plurality of tasks, wherein one or more of the

tasks are 1dentified from one or more databases:
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determine a task group of the tasks based on similarity

between tasks of the task group;

determine an associated task of the tasks of the task group,

wherein the associated task 1s associated with a task
completion step;

identily an unassociated task of the task group based on the

unassociated task being non-associated with the task
completion step of the associated task;

associate the task completion step of the associated task

with the unassociated task; and

store the association between the unassociated task and the

task completion step.

16. The system of claim 15, wherein similarity between the
tasks of the task group 1s determined based on a task similarity
measurement between the associated task and the other tasks
of the task group.

17. The system of claim 15, wherein similarity between the
tasks of the task group 1s determined based on determining a
template similarity measurement for each of the tasks of the
task group, wherein the template similarity measurement for
a grven task 1s based on conformity between the given task
and a task template.

18. The system of claim 15, wherein each of the tasks
includes a task objective.

19. The system of claim 18, wherein a given task objective
includes a task action and a task object.

20. The system of claim 19, wherein the similarity mea-
surement for a given task of the tasks 1s based on an action
similarity measurement between the task action of the given
task and the task action of one or more other tasks of the task
group.

21. The system of claim 19, wherein the similarity mea-
surement for a given task of the tasks i1s based on an object
similarity measurement between the task object of the given
task and the task object of one or more other tasks of the task
group.

22. The system of claim 16, wherein the nstructions fur-
ther include 1nstructions to:
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identity a second associated task of the tasks of the task
group, wherein the second associated task 1s associated
with a second task completion step, and wherein the
second associated task 1s unique from the associated
task; and

determine a task completion step similarity measurement,

wherein the task completion step similarity measure-
ment 1s mndicative of similarity between the associated
task completion step and the second associated task
completion step, and wherein the similarity of the sec-
ond associated task with the tasks of the task group is
based on the task completion step similarity measure-
ment.

23. The system of claim 22, wherein the task completion
step includes a first completion action and a first completion
object, wherein the second task completion step includes a
second completion action and a second completion object.

24. A non-transitory computer readable storage medium
storing at least one program configured for execution by at
least one processor of a computer system, the at least one
program comprising instructions to:

identily a plurality of tasks, wherein one or more of the

tasks are 1dentified from one or more databases;
determine a task group of the tasks based on similarity
between tasks of the task group;

determine an associated task of the tasks of the task group,

wherein the associated task 1s associated with a task
completion step;

1dentily an unassociated task of the task group based on the

unassociated task being non-associated with the task
completion step of the associated task;

associate the task completion step of the associated task

with the unassociated task; and
store the association between the unassociated task and the
task completion step.
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